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AUTHORS: Plotnikov, A. F.,\ngilov, y. ., una Smirnov, L. S.
VA

TITLE: Kinetics of photoconductivity in p~type neutron-irradiated
silicon

PERIODICALs Fizike tverdogo tela, v. 3, no. 11, 1961, 3253 - 3259

TEXT: The defect formation due to fast-neutron irradiation was investi-
gated in single crystals of p-type silicon. The specimens used had been
described by the authors in an earlier paper (FIT, 3, 8, 1961).. The
defect level system erising due to the fast-neutron jrradiation in the
forbidden band 1is shown in Fig. 1. The photoconductivity investigated
was that connected with the electron tranaitions to the levels 37+O.30 ev,

Ev + 0.38 ev and Ev + 0.45 ev. Temperature was around 100°K. Theo elec-

tron was excited by steep-sided 1ight pulses with rise and decajy times of

5 psec each. Photoconduction relexation was atudied separately for each
level Ly two independent methods. E_ + 0.30 =vs (1)The build-up time tkpbn

of photoconductivity was found at Ap~Pp, o8 an 3H0-1(ENO-1) oscillwcope.\ﬁ
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mys the initial electron concentration at level i, w#as found ts de
w8 1012cm'3 and 0_@®3 10"14cxn2 was determined for the hole trap:ing

cross seotion. (2) The build-up curves Opy, = £(t) were investigatal for
po> Ap. It was confirmed that the building 1s govarnad hs il eXpo-

nential law. The parameters of the centers were found to m)ﬂ¥1&jcm—3,
0,3 " 10" "4cn? (first illumination) and nes10 en™?, 0 %25 " 10" Y4en®
(second 11lun.ination). Ev + 0.38 evs (1) Recording of the relaxation
pulses without constant illumination for p A8 * 10 Scm"} and OpN3e 108cm'3
yielded: moquv1090m-3- sec” | and dpﬁJB f10—17cm2. (2) Recording of Aph1
with constant illumination (po¢U6' ‘lg’qcm_5 and 4p™3 -108cm-3) yieldeds
1:1()(;I,~o109cm"5 . sec”! and dp¢v7 . 10" Ten?. (q - capture cross section

of a photon by an electiron at the level M3 I - intensity of exciting
light.) E_ + 0.45 ev: Ap, was studied as a function of time. It was

found tha: for t £ 0.2 sec carriers localized at centers with E_+ 0.30 ev
Card 2/4 ~
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and for 0.2 t< 0.6 sec carriers localized at Ev + 0.38 ev participated ' !

in relaxation. }?‘or £> 0.6 sec the carriers taking part in relaxation !
were localized in centers with the following parameters: :

(31,5%10"17cm2 and mql = 109cm'}sec'1; they belong to the (Ev + 0,45 ev)

level. Finally the relaxation of photoconductivity was studied which
‘was connected with electron transitions from the valence band to the
(Ev - 0.16 ev) level. This level was found tobe an effective electron

trap, with a ‘eross section of an1O-15-1O-15cm2. For holes the trapping

cross sectioﬁ was only ~1o'19 cm2. Result: Exposure of high-purity
p-type siligon gpecimens (resistivity ¢ ~110 ohmecmj oOXygen contentt
8 =3

'\15'10150111_5; hole concentration in the dark: 8°10 em °y Fermi level:
0.2 - 0., ev distant from the edge of the valence band) to a fast-neutron

flux (:~/1013 n/cmz) with ~1 Mev led to the appearance of 1\11014’defecte/cm3

. in the forbidden band. The authors thank B. M. Vul, S. M. Ryvkin,

L. D. Paritskiy, I. D. Yaroshetskiy, G. HN. Galkin and B. S. Kopylovskiy
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for remarks, critics and help. There are 10 figures and 5 references:
4 Soviet and ! non-Soviet.

 ASSOCIATION: - Filzicheskiy institut im. P. N. Lebedeva AN SSSR Moskva
(Phyoicas Tnstitute imeni P, N. Lobedov AS USSR, Moscow)

SUBMITTED: April 29, 1961

Fig. 1
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24,7700 (14 B125/B102

AUTHOR: Vavilov S.

TITLE: processes of radiation jonization in germanium and silicon
. crystals

PEHIODICAL: yUspekhi fizicheskikh nauk, v. 19, no. 2, 1961, 263 - 276

TEXT: The author restricted his investigation to photoionization and
ionization under the action of charged particles, when valence electrons
are liberated in semiconductor crystals. Tonization of impurity atoms 83
well as thermal and impact jonization in a strong electric fiela were left
unconsidered. The experimen t is jllustrated in Fig. 1.
Measurements made on silicon sing nfirmed theoretical
predictions concerning the effect oi an externa jeld upon
photoionization. In the spectral region corresponding te valence band -
conduction band transitions, the edge of the absorption band is shifted
considerably. In case of 0.8 - 0.9 wavelengths, the field applied raises
the absorption coefficient strongly. This phenomenon is a true nfield
effect", and is not associated with carrier absorption. B. ¥. Vul,

L. V. Keldysh (ZhETF 24, 1138 (1958)), F. F. Vol'kenshteyn (Trudy FTIAN 1,
123 (1937)), and K. 1. Britsyn are mentioned in this connection. The
card 1/3
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quantum yield of photoionization in crystals with p-n junctions is deter-
mined along with the spectral dependence of the quantum yield of phcto-
ionization 1n germanium crystals. This investigation of photoionization
inside the main optical absorption band of geruanium and silicon showed

that the quantum yield exceeds unity by far if the photon energies are
sufficiently high. M. N. Alentsev, S. I. Vavilov (Sobr. soch., t. 2, U.,
Tzd-vo AN SSSR, 1952, str. 293), F. A. Butayeva, V. A. Fabrikant (Izv, AN {
SSSR, ser. fiz. 21, 541 (1957), S. Koc, leskoslov. tasopis pro fiziku, 6,

668 (1956)), E. Antonchik, Ceskoslov. &asopis pro fiziku, 7, 651 (1957)

are mentioned in this connection. If the photon energies are a multiple of
the forbidden band width (as with X-radiation and y-rays), the quantum

yield will be proportional to tlue photon energy: « = hv/e. M. V. Chukichey,
and V. S, Vavilov (Fiz. tv. tela, 3, 935 (1961)) found €= 2.5 L 0.3 ev

in their study of %onization in germanium single crystals that were gamma-
irradiated by a Co 0 gsource. The same had been found by the Czechoslovakan
physicists Dragokupil, Malkovskaya, and Tauts (Cs. J. Phys. 1, 521 (1957)).
In case of ionization in germanium and silicon crystals under the action of
fast charged particles, the energy per electron-hole pair does not depend
upon the particle energy. V. §. Vavilov, L. S.Smirnov, V. K. Patakevich 0(
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(DAN SSSR 112, 1020 (1957)) are mentioned. There are 11 figures and 30
references: 23 Soviet-bloc and 7 non-Soviet-bloc. The three most recent
references o English-language publications read as follows: 4. Plann,
W. Van Roosbroeck, J. Appl. Phys. 25, 1422 (1954); K. MacKay, Phys. Hev.

108, 29 (1957); P. Wolfe, Phys. Rev. 95, 1415 (1954).
-
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Paper was submitted at the International Conference on
Crystal Lattice Defects at Kyoto, 7-12 Sep '62

(for Vavilov, v. s.) P. N. Lebedev Inst of P
¢ S « N, . gics
Leninsky.Prospect 53, Moscow W

CIA-RDP86-00513R001859030007-8"

APPROVED FOR RELEASE: 08/31/2001



"APPROVED FOR
mﬁﬁ?ﬁ&i‘?&%ﬁ‘ STERRBATEL.

RELEASE:08/31/2001

R

CIA-RDP86-00513R001859030007-8

T?IQ&TQWW

39149 .
5/120/62/000/003/042/048
E032/E114

AUTHORS:: Plotnilkov, A.F., Vavilov, v,S., and Kopylovskiy, B.D.

TITLE: An apparatus for studying the spectra and kinetics of
photoconductivity in semiconducting crystals

PERICDICAL: Pribory i tekhnika eksperimenta, no.%, 1962, 183-187

TEXT: The apperatus was designed for studyirg photo-
conductivity in single crystals in the infrared part of the
spectrum at low temperatures. A block diagra=m of the apparatus
is shown in Fig.l. The infrared radiation is taken from an

L4 -12 (IKS-12) monochromator and is focused on the specimen (4]
by a system of mirrors. The radiation reaching the specimen is
partly roflected on to a bolometer {3 whose output is fed into
an amplifier tuned to 9 c.p-.s. This is usecd to control the 0(
incident intensity. The specimen is placed in a convantional
metal cryostat and maintained at .~ 100 °K. Thick germanium and
silicon filters g. are used to reduce scattered radiation. The
specimen 1is connected by short leads to the input stage of an
amplifier, which is in the form of a cathode follower with double
screening and negligible grid current. The double screening

Card 1 -
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ensures low input capacitance. The input stage is connected to a
narrow-band amplifier tuned to 9 c.p.s. which is followed by a
synchronous detector coupled to the modulator. The sonsitivity is
0.5 x 10‘d V/division with an input resistor of 5 x 10 13 ohm.

The photoconductivity. spectrum and the incident spectrum are
recorded on a pen recorder chart., Both a.c. and d.c. operation is
possible. Amplifier circuit diagrams are reproduced. The appara-
tus has been used to mecasure photoconductivity spectra of fast
neutron-irradiated silicon crystals. An account of the results

is given elsewhere (V.S, Vavilov, A.F, Plotnikov, J.Phys.Chem.
Solids, Pergamon Press, 22, 1961, 31). Studies of the kinetics of
impurity photoconductivity carried out with this apparatus have led
to a determination of the cross-section for carrier capture by
levels associated with structural defects which are produced ‘in
p-silicon after irradiation by fast neutrons,

There arc 6 figures.

ASSOCIATION: Fizicheskiy institut AN SSSR

Card 2/8 — (Physics Institute AS USSR)

SUBMITTEDS~ October 6, 1961

An apparatus for studying the spectra...
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AUTHOUAS: -EQXEEBXL_XL,E" gmirnova, I. Ve Chapnin, Vo Ae
TfTTLL The interaction of lithium atoms introduced into silicon
defects of the gtructure

with the radiation
Fizika tverdogo tela, V. 4, 1O 5, 1962, 1126-1131
e

e interaction of 1Li impurity atons in 51 i
fects that were produced by fast- :
vwas introduced by aiffusion from
iorium concentration in

mhe Li samples were p-type (g~ 150 ohmecm)
After introduction of Li the p-type

tn carrier concentratione»of

h have ghallow
the carrier

»ERICDICAL:

TRAT: The autnors studied th
single crystals with the gtructural de
clectron bompardment. The Li impurity
nelt containing 0.2 - 1 Li. 1i equil

51 was racched at 550—65000.

and cut oub of single crystals.

were transformed 4o n-type wi

=5, since Li formed oxide ion® Lio", whic

relatively gtable at rooml temperature,
+,+ LiO+. Rlectron

f the ions Li
t room temperature. At Li concentrations

a 5n-Li

sanples
1 1
3+10 4_10 6cm
donor levels and are
equals the sum O

concentration (n)
jlev) took place &

vompardnent (0¢9
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of 3'1014 - 5'101501‘."5 two level groups were found in the upper half of
the forbidden band: Ec—0.17 and 0.4 ev. ror the level Eb which is filled L

with electrons ¥ =0.17 ev is found. When the irradiated samples are

b
heated to 530 550 . the carrier concentration was found to be greatly
reduced. The results, presented by a curve. which has three sections,
can ve described by R

T T
= Ae “+Be “"-Ce (1).

a<e<ln, .
The effective diffusion coefficient Deff = 0.1% Do’ D, is the diffusion

coefiicient of Li when C 'is absent. There are 2 figures.

AGSGCIATION: liosxovskiy gosudarstvennyy universitet im. M. V.
Lomonosova (ifoscow State University imeni M. V. Lomonosov)

SUuBEITT=D: December 8, 1961
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AUTHORS: lalovetskaya, V. M., Calkin, G. ., and Vavilov, V. S,
TITLZ: The spectrum of radiation defects in silicon
PERIOCDICAL: Fizika iverdogo tela, v. 4, no. 5, 1962, 137221374

- +
TEXY: After electron irradiaticn of silicon local energy levels are found
in the forbidden band 2zt 0.17 ev and 0.4 &v below the conduction band b,
(acceptor levels) and C.27 ev above the valence band (donor level). ihile
the two acceptor levels nave been shown to correspond to an association of

a vacancy with oxygen and phcsphorus regpectively, the nature of the doncr
level remained unkncuwn p-type silicon crystalg with varying oxygen content
were drawn from quartz crucibles and irradiated with 1 lMev electroins frono
an electrostatic generator at 17 1°C. Phe oxygen concentrziion was
deternined from the intensity of the infrared zhbsorpticn ovand at 9.1 zicrens
The position of the energy levels and the defect concentration were deter-
mined from the temperature dependence of the charge carrier concentration
neasured oy the Hell effect. This is better than measuring resistivity or
life-time at constant temperature, as the latter give less precise

o,
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irnfluence of different simultaneously ;
In silicon specizens arawn frod quariz crucibles with ;
(2—3)-10‘7 ca~ 2, & donoT level vas Sound e
was retheXr gtable and could cnlj*ﬁzmnaﬂ;d

d by zone melting in vzouun witbou®

The gpocirun
rign on the regpective
fectis.
acentration of
0.27 ev @bove the valencs pand. IV
zbove 3CC°C. p-type silicon proguce
a crucidle 4itn an oxygen concentration of about 5'1015 pm*3 showed meinly
other cefects 2t levels of g.21 + 0.C1 e¥ apove the valence banu. This
Was determined fro= the position of 1evel when palf of the jefect
levels were occupied. Tne 0.21 eV gefects were mucn less ple tnal Vhe
0.27 ev ones, and annealing vas noticeadle 2b roon tempers
gemperaturc depenGence of the hole concentration wos measul
and 400°C for gpecimons annealed petween 17 and 120°¢C, and sz this

o 27 ev

ergy was found to e 0.72 % G.04 ev- mpe 0.¢
ith interstitial s

ipnforma
e%isting de
an OXygen co

/g

+% w X
the <& arma
stab

ry
Lure Lhe

annealing activation en
defects m&S pe due %O interection petwecon oxygen ¥
ohe much glower rate of formation of the +0.27 ev dgefects &S compared with
tpa =0.17 &V gefects 18 attributed to the fact thatb interstitial atomg have
' i 0.21 ev defects were 2lco found in a- e
toconductivity.

less wooi - vY
PlotniKO\'s investisg pectra of stationaXy pho

There is ' £igure.
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LUTHORS: Jolle, E. Ley walovetskaya, V. Me» 3nd.X&Yi}OY!_Vf Se
TITLE: mpe effect of oxygen on the life-time of minority carriers
in p~type gilicon
sza1odiCal:  Fizike tverdogo telas Ve &y 1O 5, 1962, 1374-1376 f

SOV single crystals of p-type gilicon werse obtained by zoneé pelting
without & crucivle. Very low oxygen content was achieved by zone
refinement in 2 hydrogen atmosphere OF in vacuume In the %0P part of the
single crystal the oxygen concentration was jncreased by . making part of
the last passage in an atmosphere of moist hydrogen. The oxygen
concentration was determined from the intensity of the infrared apsorption
pend at 9.1 microns. The 1ife-time was neasured bY B. D. Kopylovskiy's

phase method at 2 jow injection jevel. \Yiith oxygen content increasing froz

5'1016 cm”3 to 1.5'1017 cxn"5 the carrier life-time.increases from 1.6 to
32 nicroseconds. Its temperature dependence vas measured between 220 and
450°K end was found to dirinish with temperature. The decreas® igs less for

gpecimens with higheT oxygen concentrations, and below 0°c, it jncreased
card 1/2
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Pne effect of oxygen od tho o

againg jpdicating the existence of trap levels. Below 0°C the 1ife-time

was Teduced oY biaslighting, and increased above. The temperature

dependence of life-time in gpecimens with low oxygen cgontvent followed

yhe dependence calculated for & recombinatvion jevel with an activetion ‘JL
energy of 0.27 ev. The temperature degendence of life-time for a specizen
qith an O%Xygen concentration of 1.5°10 7 em~? cannot be described by the
gtatistical theory of Shockley and Read for ona recombination jevel. The
trenendous increase with rising oxygen concentration must be due to the
interaction of oxygen with impurity atons, dislocations and defects of the
vacensy - interstitial gype, o form recombination centers in gilicon.
gppears +hat the resulting recombination centers have gaall cross gections for

ne capture of minozrily carriers. There are 2 figures.

P. N. Lebedeva AN SSSR, MoscOoWw

institut im.
N. Lebedev, AS USSB,MOscow)

ASSCCIATION: Fizicheskiy
gtitute jmeni P.

(Physical In

5D February 5 1962

§UBLITTE
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B108B B186
AUTHORS Gippius, A+ Aes and Vevilovy v. S. '
TITLES Radiative recombination on dislocu}iona in germunlum
PERIODICAL: Fizika tverdogo tela, V. A, NO. 9, 1962, 2426 - 2435 ’ L

TEXT: A mirroT monochromator and a lead gulfide photoresistor nere used to J
investigate the radiative recombination in Ge crystals whose dislocation

density ranged from 5-105 to 1-104 cm'2 and whose electron equilibrium
concentrations varied between 5-1015 and aboub 10" cm-s. At mnitrogen
gemperatures an jntrinsic band was establishéd at 1.7 due to jpdirect
band—to-band transitions. AnotheT band, established gt 2 - 2.5¢ occurs
only in crystals which bhave dislocations and are the result of carrier
transitions between 1ocal levels. 1t is better resolved in the case of
high electron concentrations and 1t shows recombinution levels at a
distance of 0.22 and 0.14 eV from the conduction band. Probably another
level oT 1evel group exists at 8 aistance of about 0.18 &V from the )

conduction vand. The half-width of the emission line rolated %o the
card 1/2
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Radiative recombination... B108/B186

e levels equals 0.016 ev. The intensity .

{onal to I® (I is the injection current, 7ﬁ’

m~2). Contrary to expectation, the intensity of the dislocation band

is not 1inearly dependent on I, because the reconbination genters are J
tion band.are strongly

saturated. The shape and jntensity of the dislocs
affected by the surface.treatment, this being due to different £411ing of

the levels. There are 7 figures.

stitut im. P. N, Lebedeva AN SSSR, Moskva

ASSOCIATION: Fizicheskiy in
(Physics Institute imeni P. N. Lebedev AS USIR, Koscov)

transition of holies to one of th
of the intrinsic band ig proport

SUBMITTED ¢ April 14, 1962
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AUTEORS: smirnov, L. Se» vavilov, V. S., and Gerasimenko, N. M.
TITLE: Kingtic; of silicon recombination radiation .

PERIODICAL:  Fizika tverdogo tela, v. 4, no- 9, 1962, 2628-2629

TEAT: The possibility of studying the kinetics of silicon recombination \j,
radiation % exanined. Rectangular current “pulses were fed into 51
crystals with v-n junctions. The reconbination radiation from; the

crystal was taken 2y 2 photomultipl‘ier. amplified with a broad-band
amplifier and observed with an oscilloscope. The: crystals had been
produced ty diffusion of phosphorus and by fusing gluminum on to the

gur face. The injection coeificient #as assumed to remain constent up to
ourrent densities of 10 a/cmz. Results: The attenuation of recombindtion
luminescence can be well described by an exponential jaw. The time
constants of attenuation are approximately 2.7 microseconds for crystals
with diffused junctions, 1.5 microseconds for crystals ~ith fused
junctions. finen the crystal 18 cooled to 1iquid nitrogen temperature the
pulse amplitude does not decreasée in proportion to the change in the
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AUTHORS ¢ Smirnova,

1. V., Chapnin, \B A.,_gnd vavilov, V. S

n 1ithium-doped gilicon
v. 4, no. 12, 1962, 3373-3380 i)

TITLE: Radiation defects 1

PERIODICAL: Fizika tverdogo tela,
1ithium on the formation of stable radiation
i died by

TEXT: The effect of
& on the annealing of 4

defects in gilicon an

‘determining the tempe
the Hall effect, The 1ithium was
diffusion annealng (550-6so°c) from a tin-1it
¢rystals had a resistivity of 100 ohme*cmj after doping
The carrier concentration lay between 3t

introduced into gi single crystals by
hium alloy. The single

they had n-type X
014 and :

N

conductivity.

2-1017 cm-3. The specimens were jrradiated by 0.9-Mev electrons at rooﬁ”f'

temperature. Results: In n-type gilicon with 1ithium up %o concentratidgg
in the range from 0.06 -

7 '7, ghallow® energy-levels arise
low the bottom of the gonduction bvand, which are related to

of (1-2)+10
tion defects, 8.8 to pairs of interstitial atoms and

to 0.14 ev be
primary radia
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e separated by dJifferent distances. The lithium in the

i crystal interacts with these defects. such interaction ig similar to

the proce3sses that occur during the annealing of genetically unrelated J-
vacancies and interstitial atoms. The trapping radius hag the same order /
ag the lattice constant, (Fpin = 5.4.10-8 cm). In crystals that, after

part of the lithium has peen deposited in the defects, are again of p-type
conductivity, the levels 0.45 ev, 0.28 ev and 0.21 ev were observed above
the top of the valency band. The centers corresponding to the level
E, * 0.28 ev did not disappear completely even during annealing for

geveral hours at 45000 and above;
E. + 0.21 ev disappeared completely during anneal

vacancies which ar

those corresponding to the level
B ing at 45000. There are
4 figures.
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AUTHORS: qu&}oylﬁy.s,, plotnikov, A.Fey and Tkachev, v.D.

TITLE: Invebtigating structural defects in gilicon single
crystals by reference to the photoconductivity

PERIODICAL: Fizika tverdogo tela, v. 4, DO« 12, 1962, 3446-5454
. o

_TEXT: The photoconductivity apectra of p-. and n-type 51 single crystals,»ﬂj
with different oXxygen, boron, and phosphorus concentrations, irradiated
“py electrons (~1 Mev) from the electrostatic generator of the Laboratoria’
£iziki poluprovodnikov (Laboratory of the Physics of Semiconductora) .
of the FIAN at 100 and 300°K, were investigated with a recording
spectrometer designed on the basis of the VNKe =12 (IKS-12) monochromator.
The specimens were plates (15-2.5°0.8 mm)” with palladium contacts

(p-type specimens) or with zinc contacts (n-type specimens). Resulis:
Trradiation leads to the appearance of a large number of discrete levels
in the forbidden pand. The dependence of the shape of the photo-
conductivity gpectrum on the position of the Fermi jevel, which is
related to the excitation of electrons on the different levels, shows

\
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Investigating gtructural defects ..o B104/B102

that all levels (Fig. 11) can be related %o jefects. The higher
gengitivity of photoelectric measurements as compared with electric
of a series of

measurements made it possible to prove the existence
in Si single crystals,

centers with different jonization energies.

ijrradiation by neutrons produces the same defects as DY electrons. Tne
radiation defects which determine the photoconductivity gpectrum of Si
in the range of 2 to 6 u, are not Frenkel’ defects. Irradiations at

1009k showed that at room temperature not only simple Frenkel' defects
but also aggoclations of these with other types of defects. This
tudy how guch agsociations are formed and to

determine the characteristics of defect diffusion. Electrically active
jmpurities (Cu, Au) with concentrations of 101 to 1012 cm~) could be
jdentified by studying'photoconductivity spectra. There are 12 figures.

~
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The photoconductivity spectra ... ' B125/3102

dishes is higher by one order of magnitude than that of silicon produced
by vertical zone melting in vacuo. The level at 1.8 ¢ corresponds to
vipolar excitation, the level at 2.2 4 corresponds to the acceptor level
lying 0.54 ev below the bottom of the c-band and the level 2.8 u arises
from bipolar excitation by the copper level E  + 0.49 ev. In the latter

case, minority carriers (electrons) are excited by double optical y
transitions to the conduction band. The level in the region 2.3 u of the
r-dependence of Aofo1 is evidently due to electron excitation from the
gold level Ec - 0.54 ev to the conduction band. The broader level below

2 p might pe due %o bipolar electron exci%tation through 2 levels. The
shape of the gpectral curves of the photoconductivity of p-type silicon

] monocrystals (doped with gold up to 5°10 cm=3) confirms the above
assumption that the impurity photoconductivity in unalloyed Si crystals
ig caused by gold atoms. In Si monocrystals produced by zone melting in
vacuo without any crucible the gold concentration is found to be

10'° - 10t en”? and the copper concentration 10" - 10'2 en™>. In Si
monocrystals grown in quartz crucibles or by vertical zone melting the
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residual impurities, copper and gold, produce local centers with deep
levels in the forbidden bands. There are 3 figures.

ASSOCIATION: ?izicheskiy ingtitut im. P. N. Lebedeva AN SSSR, Moskva
(Physics Institute imeni P. N. Lebedev AS USSR, Moscow)
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AUTHORS3 _Tkachev, V. D.; Plotnikov, A, Fo; Vavilov, V. S. A &7
. s -
‘| TITLEs Spectra of photoconductivit.ya'\ in n-type silica bombarded with high-gpeed
8 @ | electrons 171
B SOURCE: Fizika tverdogo tela, v. 5, no. T, 1963, 1826-1629 :

TOPIC TAGS: photoconductivity, silica, n-t.yf,ze, elecbrdh, high-speed electron,
conduction band, valence band, forbidden band, center , defect ' _

ABSTRACT: The photoconductivity of n-type silica was studied by means of the
-setup described by A. F, Plotnikov, V. S, Valfvov, and B, D, Kopy#lovskiy (PTE,
No., 3, 183, 1962). The spectra were investigated with oscillating (modulation
frequency of 9 cycles) and steady excitation. The samples were plates cut from
single crystals and had contacts attached at the ends. The contacts were Pd and
Zn, depositad electrolytically. The bombardmeint was elfected with electrons of S
1 Mev. The temperature of the samples during bombardment did not exceed. 25-30C, i '
and measurements were made at a temperature near 100{, From the measurements !
;of photoconductivity the authors disgrammed the positions of energy levels in the —~
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ABSTRACT: The suthors have investigated the photoconductivity associated with o

" deep levels of radistion effects arising during bombaxdment by electrons (1 mev) .
of very pure single crystels of Ge and. of single crystals glloyed with Au. They
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ne formation of radiation defects in n-type

electron bombardment, combination

_-TOPIC TAGS: radiation defect, 1 Lype gilicon,
center, minority carrier, p-p junction, minority carrier 1ifetime, electron flux,

capture cross section, thermal velocity, carrier velocity

nation of orientab nce is difficult because of the
jth very thin samples (10-20 microns) end avoiding 1058 ‘of
jdent particles py scattering on atoms of the test materials .
ed a different method ,proposed by V. S. V. M. patskevich,

‘T, 2, M3, 1960), which yields data on
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ing pombardment . To record changes in this lifetime, the suthors megsured the
short-circuited current (Ige) 30 the circuit of a crystal with a p-n junction
during bombardment by & stream of electrons, -The number of combination centers
introduced by radiation in small doses is equal to the product of electron flux

) ad the rate of defect production (¥ (vy T is meant the ratio of number of
defects per cu cm to the electron f£lux per 84 cm). The relationship among these
values is then

A(,:JT)~A(1,)=1W/<E.—-E». |
where o 18 the capture cross section of carriers by the given center, ¥ is the
thermal velocity of the carriers, and r(Et-i.ﬁ) is the fumction of level filling.
Bombardment bY electrons of 1 Msv was carrted out at room temperature. The rela-
tionship betwaen electron flux and change ia gshort-circuited current (proportional
to lifetime of carriers) for various directions of bombardment 13 ghown in Fig. 1
of the Enclosure. The observed orientation dependence is associated with the
presence of 1nter5tit1a1positions in a loose 1attice of the diamond type. #The
authors thank S. 1. vintovidn for nis aid in bombarding the samples.” Orig. arte.

has: 1 figura.
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fadiation spectrum, it was assumed that the effect of the formation
of radiation defects could be neglected. 1t was found that at 10K
the recombination radiation spectrum concists of three intense bands

%4ith maxima at photon energies of 1.05 + 01, 1.47 + 0.01, and

1,59 + 0.01 eve The short-wave emission band 18 located in the
reglion of the fundamental absorption band. Analysis of the data -
shows that vertical_transitiona with emission of optical phonons

with zero momentum occur in CdTe and that the probability of such
processes is high. According toO criteria developed in:? Basov, .

N. G., 0. No. Krokhin, Yu. M. Popove ZhETF, V. &, 1961, D« 1203, it

may, therefore, be possible to obtain 1aser action {n CdTe at low :
temperatures when the nonequilibrium charge carrier concentration

is considerably smaller than that corrasponding to the degenerate
states Orige art. hast © figures. i
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properties of beryllium doped p-type germanium -

1
| TITLE: Electric

v. 6, no. 1o 1964, 2192-2194
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ABSTRACT: In order to determine the upp level of |
ompensated and higher-resistivity"germanium specimens, '

asured the temperature dependence of the carrier den-

,] e electric conductivity of d0ped‘germanium plates 2 x'
x 3 X 15 mm in the temperature range 300--55K. The compensating im-

. ' purity was phosphorus. The plates were cut from the ingot perpen~ B

: dicular to the {111] crystal growth axis. The measurements were

made in a double metallic cryostat. A null method was used with a
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stance potentiometer. The magnetic field reached 4600 Oe.
from four ingots were tested. The results show that

the carrier density 18 exponential in the reciprocal
The jonization energy was determined from the slope of
(0.064 & 0.003 ev) Z
i

/2 against 103/T, and its value
to that calcula-

)
\ !plots of 1n(p'l?)3
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{TITLE? Some data omn radiation d

iof pho:oconduc:ivity spectra of germanium {yradiated with fast elec~
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|SOURCE ! Fizika tverdogo tela, v. 6, noe 6, 1964, 1718-1723 !
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ETOPIC TAGS: radiation defects, fast electron {rradiation, p type '

igermanium, n type germanium, germanium, fast electron frradiated 1
nductivity spectrum, !

jgermanium, germaniun photoco irradiated germanium
forbidden zone !

Ephococnnduc:ivtty spectrum,

EABSTRACT: The following types of Ge single crystals have been irra~
idiated by fast electrons with energies ~~1 Mev at room temperature:? :
:(a) n=type with initial resistivities 9 of 3 and 56 ohm*cmj (b) dis-
‘locationless n-type, # ™~ 3 ohmecm; (c) p=type with a residual im= '
‘purity concentration of 1011 to 1013 at/cm3, The ohmic contacts were
realized by the deposition of colloidal graphite. Photoconduccivi:y
,spectra were measured at ~ 100K in the 1.7 to 10 y wavelength range.
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g the Fermi level was located 0.10 to

EIn the irradiated specimen
Some of the conclu~ .

0.17 ev below the bottom of the conduction band.
sions drawn from the results of the investigation are: 1) following

{rradiation with a flux of 6 x 1015 el/cm?, the photoconductivity
spectra of n-type specimens gshowed the occurrence of a structure which
can be connected with electron transitions from local levels Er——0.33,
.Ec—-0.37 and Ec——0.43 ev to the conduction band. When the te’ . elec~
tron flux is {ncreased to 3 X 1016 el/cm? the specimen acquires char= .
acteristics of p-type Ge; 2) spectra of type (b) specimens show that
vacancy concentration increases almost proportionally with increased
flux and that at a certain value of the electron flux there is an
i{ncrease (by almost one order of magnitude) in the concentration of
‘centers which yield a constant distribution of photoconductivity sig-
nals in the 2.5—1,9 v wavelength range; 3) a new maximum was detected.
in the spectra of type (¢) specimens which occurred in the presence
and disappeared in the absence of blas lighting from the region of
natural absorption; 4) at wavelengths up to 5 y, the spectra of type
(c) specimens 8 £ signals connected with electron
transition to level E, 0.33 ev in the presence of a Ge filter;
when no £ilter vas used a: maximum appeared at & vavelength of 3.15 v
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*5) in nonirradiated type (c) specimens the disturbance which introduces
level E,—— 0.33 ev is due to copper atoms, whila in the {rradiated
type (c) specimens it 1s due to the joint action of copper atoms and
.vacancies; 6) for the irradiated (c) specimens the hole-capture
cross-section of level E,——0.33 ev is at 100°K 5 x 10719 cm2,

.orig. art, has: 9 figures.
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{Moscow (Physics Institute, AN SSSR)
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~pITLE: On the mechanism of radiative recombinations at dislocations
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TOPIC TAGS: germanium, dislocation net. radiative reconbination.
forbidden vand, temperature dependence; hole conduction. level

transition

ABSTRACT: The paper is a continuation of the authors’ ecarlier work
on Ge crystals with 103—-].04 dislocations/cm2 (FTT, v- 4 2426, 1962)
which established: (1) the presence cf several components 10 the re-
combination radiation spectrum of dislccations .ndicating that
several levels were active simultanecusly’ (2) a dependence of the
T71?.“5.67.i:i1’ri.'v:mr-'}:::afx%f..?g;i:azgiiLe on the Fermi level position. indicating hole
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transitions to levels in the upper half of the forbidden band:

(3) a sublinearl dependence of the adislocatioen pand intensity on

the injection current at nigh current Adensi' 125, suggest1nd ynternal
processes in radiation centers giving rise tO saturatiof - T
present %aper extends this work to higher dislocat1on densitr€S
(105-—10 cm—z) and +herefore grronger recomblnation radrat1on.
which was easier tO study and ~esolve. It was found that Aan e

crease Of the equilibrium or 1ajected ejectron denstty produced

new long- (2.6--2.7 )y and short-wavelength UL companent s,
or intensxfied intermediate wavelengths (2.4 .} this \ndrcated
that hole transitions did not start from the valence pand. Tne
half-widths ‘g and the positions of the maxima of the dislocation
bands were measured as 2 funcrron of Lem, erature (80--200K) - Up
to =170K the vaiue of "B was yndependent of temperature. T
the observations referred O above, .ndicated that holes were ©3pPT
tured by excited states and that radiative ¢ransit1ons occurred

within centers. The observed I18€ of "E with temperatur® above

. and
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radiation centers could not be establ

“The auth?ors thank 8. M. Vul, p. V. Spitsin, and Y. D. Yegorov."
Orig. art. has: 7 figures. {
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TITLE: petermination of the vield of recombination radiation con~<

- nected with dislocations in garmanium
no. 7, 1964, 2200~2202

t

'K SOURCE: Fizika tverdogo tela, Ve 6/
\ rocoMbinntion emission, quantum yield, dislocation :

| popIC TAGSS
effect, lead sulfide, photoconductive device

1

i

|
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\ABSTRACT: The yield is defined here as the r

1 ombination radiation to the total rumber of acts of re-

quanta of rec

‘combination on the given type of centers. Since this yield must be:

{measured when the dislocations play 3 predominant role in the recom=

. pination of the non-equilibrium carriers, the tested sample was bom-
parded with a beam of ~1 MeV electrons from a Van de Graaff accelera-
tor. The receiver was a.lead-sulfide photoresistance calibrated with

‘Cord } 1/3
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the aid of a black body. n-type germanium with electron density ng ~
I~ 5 X 1014 cm3 and dislocation density N ~ 105 cm~ 2 was used. The
‘dislocations were introduced by an abrupt change in the thermal con-
{ditions during the growth of the crystal. The tests were made at
approximately 80K. The quantum yield was found to be quite small,
!.:indicating that most'recombinations on the dislocations are nonra-
diative. Some explanations for this phenomenon are discussed. The |
results obtained for the quantum yield and for some related quanti- !
ties are compared with data by others. "The authors thank A. V. i
Spitsy*n for determining the carrier density in the sample and S. I. .
vintovkin and V. V. Mikhaylov for help with the measurements.” x

lOrig. art. has: 1 table.
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excltation is not confined to the surface region. It 1s shown briefly
that the latter circumstance results in certaln errors. The iloniza-
tion energy was determined from the change in the voltage drop, and
consequently from the change 1n conductlvity, resulting from irradi- i
jating a crystal with electrons from a 150-keV accelerator. A formula
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relating the voltage drop with the lonization energy 1is written under
the assumption that the concentration of the nonequilibrium carrlers
varies linearly with the time after turning on the excitation, and
that the current density of the incident electrons 1s sufflclently
small and uniform over the entire surface of the sample. The measureq
ments were made on n-type Ge and a-S1C measuring 4y x 6 x1and 2 x U4
x 5 mm respectively. The ionization energles were found to be 9.0 %
0.7 and 2.4 4+ 0.2 ev for the silicoy carbide and germanium respective-
ly. In the case of silicon carbide}’ the results agree with the as-
sumption that the lonlzatlon energy is approximately triple the

width of the forbidden band. In the case of germanium the results
agree with data obtained by x-ray and gamma-ray excltation, but are
lower than the value obtalned for alpha-particle excitation, probably
because of recombination losses in the plasma inside the track.
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| the work and a discussion of the results. Orig. art. has: 1 figure,
- {1 table, and 1 formula. ‘
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TITLE: International symposium on the recombination of nonequilibrium current carriers
in semiconductors

SOUACE: AN SSSH. Vestnik, no.12, 1965, 78-79

TOPIC TAGS: physics conference, semiconductor research, cadmium sulfide, semiconduc%
tor device, electron recombination, germanium semiconductor, traneistor, crystal ‘
lattice vibration, electron beam, cadmium telluride -

ABSTRACT: The International Sympnosium on the Recombination of Nonequilibrium Current
Carriers in Semiconductors was held in Warsaw Poland from 27 sune to 1 July 1965, |
The Soviet delegation presented Iour conierence papers, VY. ie. Lashkarev reported on
the complex invectigation of recombination processes in CdS type semiconductors. A |
report by S. G. Kalashnikov, N. G. Zhdanova and M. S. Xogan dealt with the recombi- |
nation of hot electrons in Ge impurity centers. S. M. Ryvikin made a theoretical
review of the possibility of electron transitions at which emitted (or absorbed)
energy is imparted to both lattice vibration and free charge carriers (electrons
and holes). A report by V. S. Vavilov, E. L. Nolle, and S. N, Maksimovskly dealt
with the spontaneous electron-beam-pumped CdTe.
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.-| ORG: NIIYaF MGU

£ 7| TITLE® 'Use 'of semiconductor counters of the p-Ll-n type to study
J| nuclear reactionsgy
¥

.~ | SOURCE: M ccow. Univeraltet, ventnik. Seriya IIXI. Fizlka,
. | astronomiya, no. 1, 1966, 81-84

.| TOPIC TAGS: Jjunctlon diode, semiconductor device, crystal counter,
“ | s1licon, alpha particle reaction

ABSTRAGT: The authors describe a procedure for preparing p-1-n f
Junction counters. The procedure 1s baged on the drift of lithium -4’
lons in silicon. The counters obtained in this manner were uaed to!
investigate nuclear reactions induced by a particlﬁs accelerated to

: Wsilicor¥with ‘
‘| resistivity 450 -- 80O ohm-cm was used as the 1nitial material. Lith-

__UBC.
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ium was Jeposited on its surface by vacuum sputtering and allowed to
diffuse ¢ ; 450 -- 500C to a depth ~ 100 . The 1lon drift wars produced.

“ {in silicone oil at 120C and an inverse voltage of 300 V. The resolv-’

ing power of the counters was determined by measurlng the spectrum of

: . !
c¢. particles from a Cm242 source, and was found to range from 0.7

1.5%. The counters were used to lnvestigate elastic and Inelastic
scattering of 26.3 Mev a particles by carbon nuclei. The teszts have
shown that the excltation functlons plotted at fixed angles exhlblted

i las a rule sharply pronounced nonmonotoniclity, probably due to fre

appearance of some individual levels or groups of levals In Lhe com-

pound nucleus. The experimental data obtained were uged to construct
the angular distributions at different energies of th2 incident :
particles. These were found to agree with theory at small angles and
exhiblted a regular tendency for an increase in the ¢ifferential cross

> .section at large angles. Mo agreement was observed &t medium angles. f

The results agree wlth the calculations based on the adiabatlc model :
7;"5;:;, only at small angles. The authors thank I. B. Teplov, P. Matyya, and:

- A, Kozlov for help during the work. Orig. art. haa: 6 Cigures.
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AUTHOR: Vawilov, V. S., Nolle, E. L.; Yegorov, V. D.; Golubev, G. P,; Mashtakov, V. S.

TITLE: Outfit for studying the recombination radiation of electron-excited [3
semiconductors ﬁ; ?,,

SOURCE: Pribory i tekhnika eksperimenta, no. 3, 1966, 176~179
TOPIC TAGS: semiconductor research, recombination radiation

ABSTRACT: Connected with the outfits described by C. Benoit et al. (Physics of
Semiconductors, Paris, Dunod, 1964),an improved outfit developed by the authors is
capable of exciting semiconductors by 150-kev electron pulses that have a current
density of 3 amp/cm?; pulse duration, 0.25--10  sec; repetition rate, up to %0 cps.
Stimulated radiation of cadmium telluride was achieved in this outfit for the first
time. An electron tube with a constant high voltage and a pulsed grid modulation is
used for high-power electron excitation of scmiconductors; a 20-section steatite
tube has been actually used. A block diagram of the outfit, principal ecircuits

of the pulse generator and synchronous detector, and the pulse shape of the electron
beam are shown. A He cryostat permits studying the recombination radlation of
semiconductors at temperatures down to 10K. "The authors wish to thank S, I.
Vintovkin, V. S. Ivanov, and B. D. Kopylovskiy for their valuable advice connected

with the development of the outfit." Orig. art. has: 4 figures. (03]
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. AUTHOR: Blinov, L. M.; Vavilov, V. 8.; Ga'kin, G. N. G a |
TR R, e !
ORG: Fhysics Institute im., P. N, Lebedev, Academy of Seiences 8SSR (F&zicheakiy : e
institu e nauk SBSSR ' ;
" TITLE: Photo emf of p-n junction in a strongly excited semiconductor '
e ' SOURCE: Zhurnal eksperimental'noy 1 teoreticheskoy fiziki, Pis'ma v redaktsiyu. !

Prilozheniye, v. 3, no. 9, 1966, 361-365

. TOPIC TAGS: silicon, pn Junction, photo enf, by laser, lager application, elee-
. tric potential, potential barrier

. ABSTRACT: The authors investigated the variation of the photo emf with the radia- ;

. tion power inecident on a silicon crystal with a 2-'11’ Junction.” The P-n junctions

- were obtained either by diffusion of phosphorus in p-type silicon or by bombaréing

' p-type silicon with phosphorus, the latter Junctions being shallower. The light .

' Bource was a Q-switched ruby laser (M = 0.69u). A set of filters calibrated at .
high and low radiation Ppover made it possible to cover the light intensity range ’

 from 10°1 t0 5 x 10% w/en®. To check whether the photoemf depends on the duration

. of the pulse, some experiments were nmade with the laser without Q switching. The

o

|
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‘ meagurements have shown that the emf tends to saturate with increasing light inten-:
: 8ity, that the saturation of the photo emf extends over several orders of magnitude
; of the radiation power, and in no case does the limiting photo emf coincide with |
| the theoretical value of the contact potential difference, as would be the case with )
Jthe potential barrier of the p-n junction to be completely lifted. It is therefore.
‘concluded that the contact potential difference in silicon p-n junction canngt be ;, .
; determined by measuring the saturation photo emf. The authors thank Corresponding ! .
: Member of AN SSSR B. M. Vul and V. D. Yegorov for various remarks, ard also K. M.
‘Borodina and V. V. Titov for supplying the semples of the silicon with p-n June- f
" “tion. Orig. art. has: 2 figures. foz}-
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ORG: Physics Institute im. P. N. Iebedev, AN SGBR, r-ioaco»_{’(Fizichenkiy inotitut AN

SSSR)
TITLE: Radiative recombination in ,gg_},;igm—_qmgnide dlodes

SOURCE: Fizika tverdogo tela, V- 8, no.ﬁg, 1966, 608-911

TOPIC TAGS: gellium arcenide, radiative recombination, pn junction,
recombination ‘emission, forbidden band B

ABSTRACT: To clarify the character of_recomblnntidﬁ,processes corresponding to the
particular emission band in Gads (the short-wave bond or one of the few lorng-wave
bands), the authors jnvestigated the dependence of the rndiation intensity of ench
of the bands on the density of the current through n p-n junction. The samples
tested were GaAs diodes in which the p-n Jjunctions were obtained by diffusion of zinc
in n-type material. The radiation vwas obgerved in a direction normal to the plane
of the junction from the n-reglon side. Measurements were made of the enmicssion !
spectrum of the investigated samples, of the dependence of the intensity of the emls-z
sion of the individual bands on the injectlon current at various temperatures at i

t

}

-

junction diode,

high injection jevels, and of the dependence of the internal quantum efficiency on
the temperature. The results show that the short-wave band, with a quantum energy
close to the width of the forbidden band, is connected at high injection levels with |
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?ezc.’:;lgi.;;gt;' ;:vc’ombizazion la;;dtget%oirg-wave band 18 connected with a monogoleculsr |
. co_pc ude at the nonradiative recombination é
g:gtli\on:[le;;is should also odey the bimolecular law. ‘The authorg thank Ytt;.h\llghPri)gn;v
and A, 1. mer for supplying important experimental data ori rt, TagT )
gures and 4 formulas. . Br Grbe fop %
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ORG: _Physics Institute im. T. M. Lebedev AN SSSR, Moscow (Fizicheskiy institut AN (3]
SSSR) o

TITLE: Recombination radiation of diamonds during excitation by electrons
m—/

x

¥
SOURCE: Fizika tverdogo tela, v. 8, no. 5, 1966, 1522-1527

TOPIC TAGS: recombination radiation, diamond, excitation spectrum, electron beam

<,
ABSTRACT: The authors study the recombinatid; radiation spectrum of a diamond near
the fundamental absorption edge and in the visibl region. A pulsed beam of 150 kev
electrons was used for excitation. The pulse duration was variable from 1.3 to 12
usec with a prr of 10 cps. The current density in the beam could be raised to 2 a/cm2
The recombination radiation spectrum extended in the visible region from 580 to 320
my. Some specimens showed a narrow band with a maximum at 389 mp. The radiation
spectrum in the ultraviolet region consists of three bands with maxima at 235, 242.3,
and 250 mu. The integral intensity of the fundamental radiation band (maximum 235 my)
is only 0.5-1% of the integral radiation intensity in the visible region. It is as-
sumed that the bands at 242.3 and 250 mp are phonon repetitions of the band at 235 mu.
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alorg the axis for phonon energy it ap-

: When the curve for this band is extended
pears asymmetric with a form approaching Maxwell distribution, which indicates that

the radiation is due to recombination of free rarticles. The shape and position of
the ultraviolet radiation bands, and the effect of excitation level and temperature
on luminescence intensity show that lumines:ence is caused by annihilation of exci-

tons with simultaneous radiation of phoncrs. Orig. art, has: 5 figures, 3 tabl[esl;]
1
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SOURCE: Fizika tverdogo tela, v. 8, no. 6, 1966, 1964-1965

TOPIC TAGS: semiconductor alloy, semiconductor crystal, semiconductor conductivity,
diamond

ABSTRACT: An investigation was made of the dependence of electric conductivity on ¢ﬂ
the temperature ang concentration of the impurities introduced into a layer of diamond
doped with I{thiup and boron by 1on bombardment., Diamond doping was carried out in an
ion-ray installation with 4 magnetic separation at g focusing angle o7 180°. Lithium i
and boron ions with an energy of 40 kev were introduced into the natural face of the i
crystal or into the cleavage plane perpendicularly to the crystallographic directions e
[111] and [100}. The activation energy for lithfum was (0.29 1 0.01) ev aud for boron
(0,25 ¢ 0,01) ey, Lithium-doped diamond has an electron-type conductivity, while in |
boron-alloyed diamond the i.-leg are the major charge carrdiers. Annealing of specircens __
at 600C for three hours in -q argon atmosphere had virtually no effeet on the activa-
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tion energy of electric conductivity; the general resistance of the doped layer in-
creased somewnhit only in the case of boron. The acceptor and donor levels appearing
in the forbidden band as tte result of radiative defects are deep and have only a
slight effect on the acti:-tion energy., With an increasing concentration of 1ithium,
the activation energy de .rezses in the range of high temperatures as well as in the
range of lower temperatures. These rules apply to the impurity band, in which the
concentration of lithium is apout 1020 cm™3. Ion bombardment makes it possible to
obtain semiconducting layeri of diamond whose electric conductivity can change by

5 to 10 orders, depending cn the extmt of doping. The energy level corresponding to
the lithium admixture is separated by 0.29 ev from the bottom of the conductivity
band, wnile the energy level of boron 1s 0.25 ev from the top of the valence band.
The authowrs thank Y. M. Gusev for collaboration in the work, V. A. Mizonova and

N. A. Shuvalova for the preparation of specimens, Yu. Ye. Andreyev for participation
in the measurements, and S. A. Shevchenko for supplylng a device for determining the
sign for the Hall coefficlent. Orig. art. hadf 2 figures and 1 table. [JA]
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SOURCE: uu’n tverdoge tela, v. 8, no. 7, 1966, 1981-1984 .

TOPIC TAGS: protoconductivity,spectium, germemium: aingle crystal, fumsvelsctyesm, .
odrumbamn. irradiation, crystal impurity, oxygen: upmmhige. : 3.

ABSTRACT: In sddition to electrically active impurities, germsnium crystals alse com—

tain neutrsl iqmtitho. sgecificany oxygen, tha comcentration of which im mormsl .
crystals may reach 1016cm=3, It is not excluded that'associasiions of poimt-comtact de-
fects vith oxygen atoms may appear in Ge crystals upon irradictiom. The asthors were
unable to determine the oxygen concentration in normsl crystals in an abeorptios bend
at .| vavelength of 11.6u. At their req est, the Semiconductor Departmemt of MGU

~ (Kafedra poluprovodaikov MGU) grew an’ ;cn-ulloycd germsnium crystal. The crystal

was subjected to dils2ion in an oxygen atmosphere with namcomtrolled pressure. The
single crystil obtained ias n-type siectroconductivity and a rasistivity from 2 to 10

oha‘ca. Oan the basis of the investigations performed, the authors comclude that the
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